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Abstract 

 
Background: This research is motivated by students' systems thinking competence and digital 

literacy, which are still very low. This is due to the delivery of biodiversity material, which is still very 

conventional, and learning that is still teacher-centred. Therefore, this research will use the 

application of Lumi-based ESD learning. This research aims to determine the effect of implementing 

Lumi-based ESD learning to train systems thinking and digital literacy in the context of SDGs 15. 

Method: The type of research used in this research is Quasi Experiment with a Non-Equivalent 

Control Group Design research design. The sampling technique uses purposive sampling, namely 

class X1 as the experimental class and X5 as the control class. The instruments used were systems 

thinking competency tests, digital literacy questionnaires, attitude scale sheets, and student response 

questionnaires. Results: The research results stated that the N-Gain Value of systems thinking 

competency in the experimental class was outstanding, with a value of 0.65 in the medium category 

compared to the control class, with a value of 0.29 in the low category. Meanwhile, the N-Gain digital 

literacy value of students in the experimental class, with a value of 0.45 in the medium category, was 

compared with the control class, with a value of 0.18 in the low category. Judging from the 

hypothesis test, systems thinking, and digital literacy show significant differences with both values at 

sig (2-tailed) 0.00. Conclusion: From this research, it can be concluded that applying Lumibased ESD 

learning affects practicing systems thinking and digital literacy in SDGs 15. The findings in this 

research are that applying Lumi-based ESD learning is much better for practicing systems thinking 

competencies than digital literacy.   

Keywords: Digital Literacy; Lumi; SDGs 15; Sustainable Development Education; Systems Thinking. 

 

Introduction 

Education plays a role in developing and preparing the younger generation, who can 

cope with rapidly changing social conditions and transform society to be more sustainable. 

Education in Indonesia must play a positive role in realizing ESD (Education for 

Sustainable Development) or education for sustainable development in the future. 

Education for sustainable development is one of the individual efforts that will contribute 

to realizing more sustainable social, economic, and community environments (Kusanagi, 

2020); therefore, by implementing ESD in learning, positive results are obtained. Student 

learning outcomes and skills increase. ESD competencies can be included in science 

learning to improve sustainable development and achieve SDGs (Purnamasari., et al., 

2021). 
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According to UNESCO, education through ESD is a learning process or teaching approach 

based on sustainability principles at all levels and multidisciplinary fields of knowledge 

(Leicht et al., 2018). There are 17 goals with 169 measurable Sustainable Development 

achievements called Sustainable Development Goals (SDGs) or sustainable development 

goals. One of the efforts to realize the SDGs is through education. Education can be described 

as a great hope for designing a better sustainable future and an effort to overcome the 

environmental crisis (Almualimah et al., 2022). 

The ESD concept focuses on developing and strengthening individual competencies; ESD 

(Education for Sustainable Development) establishes eight competencies that students must 

have to increase their creativity, find solutions, and develop their activities. One is systems 

thinking competency, an essential competency in ESD because ESD aims to expand the goal 

of thinking about systems in education. This goal includes cognitive aspects and students' 

problem-solving abilities, life skills, and attitudes that can be connected to the system 

(Wienert, 2001). 

WWF (World Wild Fund) developed a systems thinking paradigm from a New 

Perspective on Thinking and Learning for Sustainability. This paradigm uses the systems 

thinking method, a learning support activity program that aims to shape students' character 

so that they can think systemically by using an environmental understanding approach from 

planet Earth to ecosystems (Melinda, 2018). Systems thinking competency is an essential 

skill for learners in the 21st century. By studying this competency in the context of biology, 

learners can develop the knowledge, skills, and values needed to make responsible and 

sustainable decisions related to the environment and development (Rustaman, 2019). 

Based on Dawidowicz (2012), systems thinking competency is a competency that aims to 

enable students to learn to make decisions in solving complex life problems (Agustina, 

2019). Systems thinking competency is one of the competencies that students must achieve 

to equip future generations to survive in the 21st century. Students with sound systems 

thinking skills will understand the content well, even though they do not study each 

component specifically, but not vice versa (Meilinda et al., 2018). Rapid advances in science 

and technology have occurred over the past twenty years. Based on the 21st Century 

Learning Framework (Peppler, 2017), the skills needed in this century include contextual 

learning, technology, and the ability to collaborate, communicate, solve problems, and think 

critically and creatively (Inayah et al., 2023). One of the 21st-century skills is technological 

skills; therefore, it is in line with Muslimin & Rahmatan (2020), through digital literacy skills 

that are always needed to access information that should be used ethically and wisely by 

current technological advances (Sulistyarini et al., 2022). The American Library Association 

defines digital literacy as using information and communication technology to find, 

understand, evaluate, create, and communicate digital information. This ability requires 

cognitive and technical skills (Hunter, 2018). In line with Rahman et al. (2024), digital 

literacy can improve students' thinking skills, especially problem-solving, and enhance their 

beneficial communication skills, especially in the current era of globalization. 

Based on the results of a preliminary study obtained through interviews with teachers at 

MAN 2 Sukabumi City, it was found that students' systems thinking and digital literacy 

competencies in schools still need to be improved. This is indicated because some students 

still have not explored their knowledge of the concept of interrelated material, namely the 

ability to recognize and understand problem relationships and analyze complex systems. The 

teacher also said that most students put more effort into critical thinking skills to decide on 

actions. At the same time, digital literacy can be seen from how students' learning is still 

driven by books and student worksheets provided by the school. The researcher concluded 

the interview results, indicating that, despite the approach that considers environmental 

issues and problems in more depth, students' systems thinking and digital literacy abilities 

are still lacking in the learning process. 

Thus, one way to train systems thinking and digital literacy is with interactive learning 

media. Based on Mayer (2002), students' systems thinking competencies can be taught using 

the right interactive learning media; selecting the right interactive learning media can 
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determine the success of developing students' systems thinking competencies (Hendi et al., 

2020). Interactive media can make students more interested in sources of questions that will 

help them change the system; therefore, the interactive media that researchers use is lumi 

interactive media. Lumi Interactive Media is an application that offers more than 60 types of 

interactive and free digital content that teachers and other users can select for free. In 

addition to producing learning media in the form of interactive multimedia, Lumi also makes 

it easy for teachers to easily share their learning media using this lumi in the form of HTML 

files (H5P package) that can be accessed online (Veby et al., 2023) so that it can increase 

students' digital literacy. By using multimedia technology, learning activities that use digital 

media are more effective than conventional learning approaches that rely on textbooks 

(Yuniarti et al., 2023). Mistakes in the implementation of biology learning must not be 

repeated. Therefore, one way to overcome the problems experienced by students is learning 

that can encourage students to develop systems thinking competencies and digital literacy. 

This learning is by implementing Lumi-based ESD learning. 

Education for Sustainable Development is a tool to achieve sustainable development or 

SDGs because education is responsible for preparing everyone to face and respond to the 

challenges of the 21st century, one of which is technology-related. This study uses the 

application of technology to learning media. In the learning process, UNESCO has compiled 3 

ESD pillars, including the environment, economy, and socio-culture (Primasti, 2021). Based 

on this, it can be linked to biology learning subjects, one of which is biodiversity material, 

which is aligned with the SDGs goals in point 15, namely Life on Land, which states that 

protecting, restoring, and improving the sustainable application of terrestrial ecosystems, 

managing forests sustainably, stopping land degradation, and stopping biodiversity loss 

(UNESCO, 2018). This media can be created using interactive lumi media, enabling teachers 

to create interesting, practical, flexible, and innovative teaching materials. 

Based on this background, this study aims to see the effect of implementing lumi-based 

Education Sustainable Development learning to train systems thinking and digital literacy in 

the context of SDGs 15. This study is expected to help students understand complex 

concepts. In addition, it can be a basis for development research in biology learning. 

Teachers can also use the application of lumi-based ESD learning as an alternative in the 

learning process. 

Method 

This study uses a quasi-experiment research type with a research design, namely, a non-

equivalent control group design. At the beginning of the study, both classes were given a 

pretest. In the experimental class, the application of lumi-based ESD learning was given. In 

contrast, the control class used conventional learning such as discussion, presentation, and 

learning that refers only to student worksheets. After treatment, both classes were given a 

post-test, and then the results of the two tests in each class were compared. The research 

design that will be carried out can be seen in Table 1. 

 

Table 1. Research Design Non-equivalent Control Group Design 

Class Pretest Treatment Post-test 

Experiment 
Control  

O1 

O3 

X 
X 

02 

04 
(Source: Sugiono, 2017) 

 

Information: 

O1: Pretest in Experimental class 

O2: Posttest in Experimental class 

X1: Treatment of Lumi-based ESD Learning Implementation 

X2: Treatment of Conventional Learning Implementation 

O3: Pretest in control class 

04: Post-test in the control class 
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Sample or Participants 

This research was conducted at MAN 2 Sukabumi City, located at Jl. Palasari No. 14, 

Sukakarya, Kec. Warudoyong, Sukabumi City. The time of implementation of this research 

was carried out in May 2024 for two weeks. The object of the study was class X students of 

the 2023/2024 academic year who were in the even semester. In this study, two classes 

were selected as samples, namely class X1 and X5, which were selected using purposive 

sampling techniques, each class consisting of 39 students. 

Instruments 

Data collection was carried out using test and questionnaire techniques so that there 

were four research instruments used as tools in collecting data in this study consisting of: 1) 

systems thinking competency questions consisting of 8 essay questions used to measure 

students' systems thinking competency; 2) digital literacy questionnaire consisting of 18 

statement items (positive and negative statements each consisting of nine statements); 3) 

systems thinking attitude scale questionnaire consisting of 8 statement items; and 4) 

participant response questionnaire to the application of lumi-based ESD learning to systems 

thinking and digital literacy with the context of SDGs 15 consisting of 8 statement items. 

 

Table 2. Research Instrument Indicators 

Research Instrument  Indicators 

Systems Thinking 
Competency 
(UNESCO, 2020) 

1. 

2. 

Recognizing and understanding relationships 
Analyzing complex systems 

3. Thinking about how a system is in different areas and sizes 

4. Making decisions in sustainable discourse as a solution to the uncertainty of a problem 
phenomenon faced 

Digital Literacy 
(Hague and Payton, 
2010)   

1. 
2. 

ICT Skills Ability 
Ability to participate in digital space 

3. Able to explain and negotiate ideas with others in digital groups 

4. Able to communicate through digital technology media 

5. Able to understand and comprehend the Audience 

6. Ability to search for and select information 

7. Able to contribute, analyze, and sharpen critical thinking when dealing with information 

8. In line with the context of social and cultural understanding 

9. Ensuring security when users explore, create, and collaborate with digital technology 

Systems Thinking 

Attitude Scale  

1. Recognizing and understanding relationships 

2. Analyzing complex systems 

3. Thinking about how a system is in different areas and sizes 

4. 
Making decisions in sustainable discourse as a solution to the uncertainty of a problem 
phenomenon faced. 

Student Responses 

1. Student responses to the implementation of ESD learning based on Lumi interactive media 

2. 
Student assessment of the implementation of ESD learning based on lumi interactive media 
towards systems thinking competencies 

3. 
Student assessment of the implementation of ESD learning based on lumi interactive media 
toward digital literacy skills 

4. 
Student assessment of the implementation of ESD learning based on lumi interactive media 
towards biodiversity material 

 
Questionnaires and test questions were given to the experimental and control classes 

during the pretest and post-test. In addition to the digital literacy questionnaire, the attitude 

scale and the students' systems thinking test questions were also given a student response 

questionnaire in the experimental class at the end of the learning. The questionnaire used a 

Likert scale to determine students' responses to the teaching that had been carried out. 

https://doi.org/10.22236/jbes/15758
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Data analysis 

The research data results were analyzed statistically using the SPSS version 27.0.1 

application and Microsoft Excel. The pretest and post-test score data processing includes 

parametric analysis prerequisite tests (normality and homogeneity tests) and hypothesis 

testing, which were analyzed using the t-test (independent t-test). In addition, the N-Gain 

test was also carried out for systems thinking competencies, digital literacy, and attitude 

scales. The data analysis technique for the student response questionnaire was analyzed 

using a Likert scale with four alternative answers, namely Strongly Agree, Agree, Disagree, 

and Strongly Disagree (Sugiyono, 2022). 

 

Table 3. N-Gain Criteria  

N-Gain Range Category 

-1.00 ≤ g < 0,00 There is a decrease 

g = 0,00 There is no increase 

0,00 < g < 0,30 Low 

0,30 ≤ g< 0,70 Medium 

0,70 ≤ g ≤ 1.0 High 

(Source: Irma, 2024) 

Result  

The data obtained in this study are data collected from the systems thinking competency 

test, digital literacy questionnaire, attitude scale questionnaire in the form of pretest and 

post-test given to the experimental class and control class, and student response 

questionnaire in the experimental class. The treatment given to learning biodiversity 

material in the experimental class uses lumi-based ESD learning. In contrast, in the control 

class, treatment is given by applying conventional knowledge. For example, learning is still 

centered on the teacher, one-way teaching, discussion, and learning using student worksheet 

textbooks as the primary source. The pretest is given before learning (before being given 

treatment), which aims to determine the extent of the initial abilities of students in the 

experimental class and control classes. At the same time, the post-test is given after the 

learning process is carried out to determine the extent of students' systems thinking 

competency and digital literacy after being given treatment and assess the effect of applying 

lumi-based ESD learning in the experimental class. Based on the data collected, an overview 

of the data that has been obtained will be explained. 

Category Based on N-Gain 

Analysis of systems thinking and digital literacy tests using N-Gain calculations aims to 

determine the value criteria or show an increase in student abilities. The comparison graph 

of N-Gain values between the experimental and control classes based on the pretest and 

post-test values is presented in Figure 1. 

 

 
Figure 1. Categories Based on N-Gain 

 

After calculating the N-Gain, the pretest and post-test scores show that the experimental 

class is superior in systems thinking with an N-Gain score of 0.65 in the moderate category 

and digital literacy at an N-Gain score of 0.45 in the mild category. 
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After calculating the N-Gain, the pretest and post-test scores show that the experimental 

class is superior in systems thinking with an N-Gain value of 0.65 in the moderate category 

and digital literacy at an N-Gain value of 0.45 in the mild category. 

 

Table 4. Recapitulation of Systems Thinking and Digital Literacy Data Pretest and Post-test Scores  

Data Class 
Average Value 

Category N-Gain 
Pretest Posttest N-Gain 

System 
Thinking 

Experiment 

Control 

55,02±8,82 
46,58±8,87 

85,10±7,43 
71,26±5,57 

0,65±0,19 
0,29±0,13 

Medium 
Low 

Digital 
Literacy 

Experiment 
Control 

64,21±4,23 
67,91±4,42 

82,02±3,96 
73,71±4,89 

0,45±0,13 
0,18±0,09 

Medium 
Low 

 

Statistical Test Results of Systems Thinking and Digital Literacy 

The pretest and post-test score data of systems thinking and digital literacy competencies 

were then subjected to prerequisite analysis tests such as normality, homogeneity, and 

hypothesis tests. The results of the pretest and post-test normality and homogeneity tests in 

the experimental and control classes of systems thinking and digital literacy obtained data 

that were normally distributed and homogeneously distributed with sig values> 0.05, then a 

post-test hypothesis test was carried out in the experimental and control classes using an 

independent sample t-test showing that the data was significantly different with both results 

sig <0.05, namely sig (2-tailed) 0.00 so that the H0 hypothesis was not accepted while H1 

was accepted. This shows that implementing lumi-based ESD learning affects training 

students' systems thinking and digital literacy competencies. 

Achievements Per Indicator of Systems Thinking Based on Test Results 

The results of the systems thinking competency post-test in this study using four 

indicators according to UNESCO (2020) can be seen in Figure 2. 
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Figure 2. N-Gain Value of Systems Thinking Per Indicator 

 

Based on Figure 2, it can be concluded that applying lumi-based ESD learning to train 

systems thinking applied to the experimental class is very good on indicator 4 with a value of 

0.83. Indicator 4 is making decisions in continuous discourse to solve the uncertainty of a 

problem phenomenon. The lowest value is shown by indicator 3, namely, thinking about how 

a system is in different areas and sizes, with a value of 0.69. 

Achievement Per Indicator of Systems Thinking Based on Attitude Scale 

The systems thinking competency test results are also supported by an attitude scale 

questionnaire, which can be seen in Figure 3. 
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Figure 3. N-Gain Value of Systems Thinking Attitude Scale Per Indicator 

 

Figure 3. proves that the value of the attitude scale toward systems thinking competency 

in the experimental class has the highest value of 0.71 on indicator four and the lowest value 

of 0.50 on indicator 3. Meanwhile, in the control class, the highest value is 0.50 on indicator 

1, and the lowest value is 0.30 on indicator 2. This shows that the attitude scale follows the 

data on the systems thinking test shown in Figure 2. achievement per Digital Literacy 

Indicator 

The digital literacy questionnaire measurement activity was carried out during the study 

by providing pretest questions before learning began, then after learning was completed, 

students were asked to fill in the post-test questions; the following statements use digital 

literacy indicators according to Hague and Payton (2010). The following are the pretest and 

post-test results in the experimental and control classes. The results of the pretest and post-

test on digital literacy adjusted to 9 indicators can be seen in Figure 4.  
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Figure 4. Digital Literacy N-Gain Value Per Indicator 

 

Based on Figure 4, it can be concluded that applying lumi-based ESD learning to train 

digital literacy in the experimental class shows a good value compared to the control class. 

This is indicated by the highest value of the experimental class on indicator 2, namely the 

ability to participate in digital space, with the highest N-Gain Value of 0.79 in the high 

category and the lowest on indicator 7, namely being able to contribute, analyze and sharpen 

critical thinking when dealing with information with an N-Gain value of 0.50 in the medium 

category. 

Student Responses to Systems Thinking and Digital Literacy 

The superiority of the experimental class compared to the control class in systems 

thinking and digital literacy competencies is supported by positive student responses. This is 

shown in the following Table 5. 
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Table 5. Student Response Value Data 

Aspects Revealed  Average value (%) Category 

Students' responses to the implementation of ESD learning based on Lumi 
interactive media 

86.22 Very good 

Students' assessment of the implementation of ESD learning based on lumi 
interactive media towards systems thinking competencies 

90.71 Very good 

Students' assessment of the implementation of ESD learning based on lumi 
interactive media towards digital literacy skills 

89,10 Very good 

Students' assessment of the implementation of ESD learning based on lumi 
interactive media towards biodiversity material 

91.03 Very good 

Average 89.26 Very good 

 

Based on Table 6, it is known that student responses to all indicators are categorized as 

very good. Overall, the final score from the student response questionnaire was 89.26%, so it 

can be seen that students positively responded to applying lumi-based ESD learning to train 

systems thinking and digital literacy in the context of SDGs 15. Because this material 

presents many problems regarding biodiversity and is presented using applications, learning 

that uses the application of ESD makes learning more interesting and more understanding of 

the material. 

Discussion 

The effect of implementing lumi-based ESD learning 

In the learning process, there were differences in the provision of treatment in the 

experimental and control classes. In the experimental class, the application of lumi-based 

ESD learning was given. In contrast, conventional learning was applied in the control class, 

such as teacher-centered learning, one-way teaching, discussion, and using textbooks. 

Student worksheets as the primary source. In the implementation of the experimental class 

and the control class before being given treatment, each worked on a pretest of the system 

thinking competency test, digital literacy questionnaire, and attitude scale questionnaire 

first, then at the end of the learning after being given treatment, students would be given a 

post-test to determine the effect on each variable. 

The average N-Gain results of the system thinking competency and digital literacy in the 

experimental class in Figure 1 were higher than those in the control class. This is proven by 

the results of the post-test scores of the system thinking test and digital literacy 

questionnaire in the experimental class and control class so that it can be shown that the 

application of lumi-based ESD learning can train system thinking and digital literacy. This is 

based on research conducted by Melinda et al. (2018), which shows that students with sound 

systems thinking skills will understand the content well even though they do not study each 

component specifically, but vice versa. In line with Rahman et al. (2024), digital literacy can 

improve students' thinking skills, especially problem-solving and communication skills, 

which are very useful, especially in the current era of globalization. 

After being given a post-test for the experimental class systems thinking test in Figure 1, 

the average N-Gain results were higher, with a value of 0.65, compared to the control class, 

which had a value of 0.29. This is because after implementing lumi-based ESD learning, 

students can search for and find their knowledge more independently. In this study, students 

were trained to observe global characteristics or problems expressed with what they 

obtained from their observations using lumi interactive media in line with Novianti (2023), 

who stated that finding solutions to problems and providing skills in providing solutions to 

issues, encourages students to look for existing problems and find solutions related to the 

topic. Therefore, ESD is a skill related to several combinations, such as critical thinking, 

making decisions in solving problems, planning, and creating structured solutions to issues 

(Pradipta et al., 2021). 

The average N-Gain value after being given a post-test of the experimental class digital 

literacy questionnaire in Table 1 increased more with an N-Gain value of 0.45 than the 
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control class with an NGain value of 0.18. The experimental class uses digital learning media 

such as Lumi interactive media to train digital literacy. In line with Hendi et al. (2020), one of 

the school's solutions to train digital literacy is integrating technology into learning, which 

can be fulfilling technology-based learning facilities. The digital technology used in this study 

is lumi interactive media. Based on this, the experimental class was given a learning 

treatment using lumi interactive media, which presented problem-solving questions plus 

technological features that train digital literacy so that, in line with Rahmawati & Septiana 

(2021) that with digital literacy, students can learn to control themselves in making 

considerations and making their own decisions and knowing the flow system by using 

strategies responsibly. Digital literacy students possess life skills that include the ability to 

use technology, information, and communication, and students also include social skills, 

critical thinking skills, imaginative skills, and ideas (Eka & Okatariani, 2020). 

The advantages of lumi interactive media are that it is easy to use because there are 

features that are easy for students to understand, can be accessed anywhere and anytime, 

can be saved and downloaded easily, engaging and very interactive, training students to have 

digital literacy skills and flexible learning times (Riyan, 2021). Through lumi interactive 

media, it also makes it easier for teachers to easily share their learning media using this lumi 

in the form of HTML files (H5P package), which can be accessed online and for free (Veby et 

al., 2023). According to Nur Hafifah & Harry Sulistyprete (2020), digital literacy can help 

someone become productive with fun learning and good use of technology, fostering student 

motivation (Hima, 2017). 

This can be proven by the graph of post-test values per indicator in the experimental 

class, which is greater than the control class. This means that applying lumi-based ESD 

learning is more effective in training students' digital literacy than conventional learning 

applications. This is in line with Hutahaen et al. (2023), who stated that one of the 

advantages of interactive learning media is that they are interactive, which allows students 

to participate more actively and more freely in the learning process. 

The hypothesis test results in Table 5 show a significant difference, so the H0 hypothesis 

is not accepted, while H1 is received with both sig values (2-tailed-) at 0.000. This indicates 

that implementing lumi-based ESD learning affects training systems thinking and digital 

literacy in the context of SDGs 15. This is in line with the theory that states based on 

Purnamasari (2021) that ESD provides students with knowledge, skills, values, and 

perspectives to process information, make decisions, and take responsible actions for the 

environment, economic sustainability, and just society for current and future generations. 

ESD is significant for achieving the SDGs because it helps foster understanding, attitudes, and 

values related to social, economic, and environmental life and provides broad and futuristic 

global insights (UNESCO, 2017; Rahman et al., 2019; Novidsa et al., 2020).  

Systems Thinking Competence 

Based on Figure 2 above, it can be concluded that applying lumi-based ESD learning to 

the experimental class can train students' systems thinking competencies. This is because, 

during the learning process in the experimental class, the biodiversity material is aligned 

with UNESCO Learning Objective point 15. Understanding complex and dynamic biodiversity 

systems thinking is critical. Systems thinking describes how each element in an ecosystem 

interacts and how changes to one element can impact the entire system. Species variation is 

not the only aspect of biodiversity. It also includes ecosystems and their interactions. This 

aligns with Abdurahman & Susana (2022), who stated that ESD learning can improve 

students' systems thinking competencies in effort and energy, which is essential for their 

understanding of ecosystems. In addition, it emphasizes its importance as a key competency 

that students must have to understand environmental dynamics (Nuraeni et al., 2022). 

During learning, it does not only refer to student worksheets or reading textbooks, but 

students can think systematically with the presentation of materials, questions, and LKPD 

appropriate to the learning objectives without going beyond the curriculum available at 

school. Purnamasari et al. (2021), Inayah et al. (2023), and Misriani et al. (2023) also stated 

https://doi.org/10.22236/jbes/15758


  Article 

 

BIOEDUSCIENCE, 9(1): 82-94, 2025. DOI: https://doi.org/10.22236/jbes/15758 ISSN: 2614-1558 | 91 

 

that the application of ESD learning can be used to train students' systems thinking. In 

addition, the data above also shows differences in N-Gain values for each system thinking 

indicator in both the experimental and control classes. This is because each student has 

different systems thinking competencies, so there are differences in each indicator. In Figure 

4, indicator 4, namely making decisions in continuous discourse as a solution to the 

uncertainty of a problem phenomenon faced, is the highest indicator with a high category in 

the experimental class. This is because, in the learning process, the teacher becomes the 

trigger for questions that make students answer by making decisions. Lempert et al. (2006) 

stated that making decisions in continuous discourse can anticipate future scenarios, and 

evaluating decision choices based on these scenarios is the core of a strong decision-making 

approach (Dewulf & Biesbroek, 2018). The data is also proven by the results of the attitude 

scale questionnaire, which obtained a value of 0.71 in the high category, which means that 

students have behavior related to this indicator. 

Indicators 1, able to recognize and understand relationships in biodiversity, and 2, 

namely analyzing complex systems, have a moderate category in the experimental class. It 

can be concluded that students have behavior related to these indicators. This is in line with 

research that has been conducted by Misriani (2023), which states that these behaviors or 

activities include being able to pay attention and listen to the explanations received by 

considering various factors to understand them, being able to answer questions received 

with holistic thinking, and their activities can solve problems on difficult and very complex 

questions and can analyze questions according to facts in various environmental conditions. 

The data is proven by the attitude scale questionnaire, which obtained a value of 0.61 in 

indicator 1 and 0.55 in indicator 2, both of which are in the moderate category, which means 

that students have habits related to these indicators. Meanwhile, indicator 3, namely, 

thinking about how a system is in different areas and sizes, is the lowest even though it is 

still in the moderate category. This is because students are still less accustomed to doing 

these activities. These things include being unable to think about problems that arise during 

the learning process, being unable to distinguish issues based on relevant and irrelevant 

information, and not being able to answer questions about the problem quickly. Based on 

this, in line with Lipusari (2013), working memory capacity plays a vital role in a person's 

ability to filter relevant information from irrelevant information, affecting the efficiency of 

their problem-solving and decision-making. This is what causes the low value on indicator 3. 

Based on the study's results, applying lumi-based ESD learning to train systems thinking 

is significantly different. This is evidenced by the results of the student response 

questionnaire in Table 5 aspect 2, namely student assessment of the application of lumi 

interactive media-based ESD learning on systems thinking competencies obtained a score of 

90.71 with an excellent description. 

Digital Literacy 

Based on Figure 4, it can be concluded that applying lumi-based ESD learning to the 

experimental class can train students' systems thinking competencies. This is because, 

during the learning process in the experimental class using interactive lumi media to 

visualize biodiversity material aligned with UNESCO learning objective point 15, learning is 

more interesting and interactive and can help train students' digital literacy. These results 

align with research by Soraya et al. (2023); and Wilujeng et al. (2019) also stated that 

learning using interactive lumi media can train students' digital literacy. In addition, the data 

above also shows differences in N-Gain values for each digital literacy indicator in the 

experimental class. This is because each student has their skills, so there are differences in 

each indicator. 

In Figure 4, it can be concluded that there are three indicators in the high category 

indicators, namely indicator two, the ability to participate in digital space, and indicator six, 

the ability to search for and select information. Indicator 9 ensures security when users 

explore, create, and collaborate with digital technology, with the highest value in indicator 2. 

This is because, in the learning process, students interact interactively with the content 
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provided by the teacher on the interactive lumi media, making learning more effective and 

interactive. Based on Munadi (2012), interactive media can offer an individual affective 

environment that is more effective, not forgetful, not bored, and very patient in following the 

desired instructions (Husein et al., 2015). This is in line with research conducted by Nugroho 

& Nasionalita (2020), which states that in addition to interacting, students can find and 

select information to carry out the process of dialogue, discussion, and building ideas by 

working together so that collaboration occurs to create an understanding and students are 

also able to guarantee security when users search with digital technology.  

Judging from the differences in digital literacy indicators in the experimental and control 

classes, the experimental class is better. This is in line with the theory that states that low 

digital literacy in students is partly due to the use of conventional learning media or the 

absence of technological press, so there will be a decrease in student learning motivation; 

motivation has long been identified as a key parameter for student success and achievement. 

Motivation is a mental drive that drives and directs human behavior, including in learning 

activities; motivation drives someone to learn to achieve their desired goals (Datu et al., 

2022). Students who have the desire and support within themselves to learn tend to be 

successful in terms of learning outcomes because students will be moved and directed in 

their attitudes and behavior in learning with increased motivation (Winarno & Ashari, 2022).  

Meanwhile, indicator 7, namely being able to contribute, analyze, and sharpen critical 

thinking when dealing with information, is the lowest even though it is still in the moderate 

category. This is because students cannot still empathize with receiving and interpreting 

information passively and contributing, analyzing, and thinking critically when dealing with 

information. Emily (2017) stated that the development of information literacy involves the 

ability to find and interpret data and the capacity to contribute to creating and disseminating 

knowledge through criticism. This is what causes the low value in indicator 7.  

From the explanation above, the results of the differences in indicators are very far apart, 

so it can be concluded that applying lumi-based ESD learning is very good for training digital 

literacy. Based on this, the positive student response to digital literacy in Table 5 Aspect 3, 

namely student assessment of the application of lumi interactive media-based ESD learning 

to digital literacy, obtained a value of 89.10 with an excellent description. 

Conclusions 

Based on the research and analysis that have been carried out, it can be seen that there is 

an influence of the application of lumi-based ESD learning to train systems thinking and 

digital literacy in the context of SDGs 15. This can be proven by the N-Gain value of systems 

thinking in the experimental class, which is very good, with a value of 0.65 in the medium 

category, compared to the control class, with a value of 0.29 in the low category. Meanwhile, 

the N-Gain Value of digital literacy in the experimental class is more excellent, with a value of 

0.45 in the medium category, compared to the control class, with a value of 0.18 in the low 

category. This study's findings are that applying lumi-based ESD learning is much better for 

training systems thinking competencies than digital literacy. The limitation of this study is 

that it only focuses on the context of SDG point 15 (Life on land), so the results may not be 

generalized to other SDGs topics. Based on these limitations, the suggestion that can be given 

for further research is that a broader study needs to be conducted with a scope of other SDGs 

to see whether the application of lumi-based ESD learning remains effective even in the 

context of different SDGs. 
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